The purpose of this study was to examine the associations of childbirth, breastfeeding, and their interaction with breast cancer (BC) risk reduction, and to evaluate the heterogeneity in the BC risk reduction effects of these factors by menopause, hormone receptor (HR) status, and pathological subtype.
INTRODUCTION
Giving birth plays an important role in reducing the risk of breast cancer (BC) in women [1] [2] [3] . In addition, breastfeeding, which is inseparable from giving birth, is considered to have a risk reduction effect, although controversies exist [3] [4] [5] [6] [7] [8] .
Pregnancy and lactation prevent BC through the following 2 major mechanisms. The first is promoting the differentiation of mammary cells [9, 10] . In parous women, the proportion of differentiated terminal ductal lobular tissues is higher than in nulliparous women, and the risk of malignancy is lower, because undifferentiated breast tissues have a higher risk of malignant transformation than differentiated breast tissues. Breastfeeding triggers a continuation of the cell differentiation process and prolongs the time during which the tissue is in a mature state [11, 12] . The second mechanism is the reduction of lifetime estrogen exposure. According to the estrogen hypothesis, higher estrogen exposure increases the risk of BC [13] in comparison to women in whom ovulatory cycles were attenuated due to pregnancy and lactation [14, 15] .
Prior meta-analyses have failed to demonstrate a dose-response relationship of breastfeeding on BC risk due to high heterogeneity among studies (>70%), a small number of cohort studies (only 3), and non-significant dose-response relationship in meta-analysis of cohort studies [8, 16] . In addition, the combined influence of the number of childbirths and breastfeeding period on the risk of BC has not been clarified in previous epidemiological studies. The reason for this is that women with 4 or more childbirths and longer breastfeeding periods (over 25 months) comprise less than 5 and 10% of the total population, respectively. Furthermore, since the risk of BC by reproductive risk factors depends on menopausal status, the analysis should be stratified by menopausal status. Therefore, larger study populations must be analyzed to identify a dose-response relationship. Furthermore, since the number of childbirths and the breastfeeding period are biologically related, the duration of breastfeeding increases as the number of childbirths increases. In most studies, due to limited sample sizes, it is difficult to distinguish between women who are not breastfed and women who are not breastfed among women who have had one or more childbirths. Because it is known that both factors reduce BC risk, the presence of both a longer breastfeeding duration and more childbirths may exert a combined effect. A previous study was conducted of the interaction of these 2 factors on the risk of ovarian cancer [17] , but their interaction with BC risk has not been confirmed, due to various complex situations causing limitations in statistical power.
It has recently been established that BC has different clinical courses depending on the hormone receptor (HR) status, classified in terms of estrogen and progesterone receptors, the HER2-receptor, and/or Ki-67 levels, and the pathological subtype of cancer. We hypothesized that the protective effect of breastfeeding on BC risk would be different depending on the number of childbirths, and therefore we investigated whether there was a synergistic effect between parity and breastfeeding. We designed a population-based case-control study using the Nationwide Breast Cancer Registry and woman participants in large-scale population-based health screening programs.
The aims of this case-control study were: 1) to identify the main effects of the number of childbirths and breastfeeding period on BC risk reduction, while sufficiently controlling for confounding factors; 2) to determine whether women with a combined experience of more childbirths and longer breastfeeding duration had a more strongly reduced BC risk than those with exposure to a single protective factor; and 3) to investigate the heterogeneity of the associations of childbirth, breastfeeding, and their combination with BC risk across menopausal status, HR status, and pathological subtypes.
METHODS

Study Subjects
The Korea Breast Cancer Study has a mixed design of a largescale population-based case-control study and cohort study, and is composed of man and woman BC patients from throughout the nation and community-based healthy controls from 2004 to 2012. The eligible BC cases were obtained from the database of the Korean National Breast Cancer Registry, maintained by the Korean Breast Cancer Society (KBCS) [18] . In brief, the KBCS has conducted a nationwide BC registry for man and woman BC patients diagnosed at 102 general hospitals since 1996, and the registration data include more than 95% of new breast cancer patients in Korea. The BC cases included in this study were woman BC patients aged 40-74 who were registered between 2004 and 2012. We excluded individuals with missing data about both the number of childbirths and the breastfeeding period. The eligible controls were obtained from the database of the Health Examinees Study (HEXA) [19] . In brief, the HEXA is a population-based cohort study of health screening recipients who receive biennial health screenings covered by the National Health Insurance Service, and is one of the cohort studies of the Korean Genome and Epidemiology Study conducted by the Korea Centers for Disease Control and Prevention. The control subjects in this study were defined as healthy women aged between 40 and 74 with no diagnosis of BC who were registered from 2004 to 2012 (n=101 017). We excluded women with missing data about both the number of childbirths and the breastfeeding Parity and Breastfeeding Effects for BC Risk period. We matched cases and controls 1:1, according to age and enrollment period, which was divided into 3 categories; 2004-2006, 2007-2009, and 2010-2012 . Finally, a total of 25 778 case-control sets (12 889 pairs) were selected as study subjects.
Data Collection and Management
Information about age, family history of BC among first-degree and second-degree relatives, age at menarche, pregnancy history, age at the first full-term pregnancy, parity and the number of childbirths, periods of breastfeeding, oral contraceptive (OC) use, and hormone replacement therapy use was collected by personal interviews.
Statistical Analysis
Differences between BC cases and controls in the frequencies of general characteristics, such as family history, number of childbirths, breastfeeding experience, OC use, body mass index (BMI), age at menarche, and age at first full-term pregnancy, were tested using the chi-square test. The number of childbirths was classified as 0 (nulliparous women), 1, 2, and 3+. Breastfeeding duration was classified as 0 (never breastfeeding), 1-12, 13-24, and 25+ months.
The BC risk associated with parity, number of childbirths, breastfeeding duration, and the combination of the number of childbirths and breastfeeding duration in the entire sample was estimated using conditional logistic regression models with odds ratios (ORs) and 95% confidence intervals (CIs), stratified by age and enrollment year, and additionally adjusted for BC family history, age at menarche, number of childbirths (for breastfeeding and its duration), breastfeeding duration (for parity and number of childbirths), OC use, and BMI. The BC risk associated with these risk factors in premenopausal and postmenopausal women was estimated in unconditional logistic regression models, stratified by age and enrollment year and adjusted for same covariates, because the matching pair was broken. Moreover, we classified the BC patients according to HR status (HR+ or HR− BC cases) and pathologic subtype (such as the luminal A, luminal B, HER2-enriched, and triple-negative BC [TNBC] subtypes); and analyzed the BC risk associated with childbirth and breastfeeding duration for each population subset and the total control population in unconditional logistic regression models, accounting for the variability of subgroup-specific OR values across HR and pathological types. To evaluate differences in the association of individual factors (number of childbirths and breastfeeding duration) and their combination with BC risk according to menopausal status, HR status, and pathological subtype, the heterogeneity across menopausal status, HR status, and pathological subtype was tested using the Cochran Q test at a significance level of p<0.05 and quantified by the I 2 statistic, with an I 2 of 50% considered to be evidence of substantial heterogeneity [20] . Most statistical analyses, except p-heterogeneity analyses, were performed in SAS version 9.4. (SAS Institute Inc., Cary, NC, USA). The 1:1 matching of cases and controls was made using the G-match algorithm [21] of SAS 9.4. The Cochran Q test was performed in Stata version 14 (StataCorp, College Station, TX, USA).
Ethics approval and consent to participate
This study was approved by the institutional review board (IRB) of Seoul National University Hospital Biomedical Research Institue (IRB no., 0909-048-295).
RESULTS
The baseline characteristics of the 25 778 women in the study are described in Supplemental Table 1 . Statistically significant differences were found in most of the known risk factors, such as a family history of BC, childbirth, breastfeeding, OC use, high BMI, and late age of the first full-term pregnancy; but the distribution of menarche age was not significantly different between cases and controls.
The BC risk by individual factors, such as total childbirths and total breastfeeding duration, premenopausal and postmenopausal status, HR status, and pathological subtype is shown in Tables 1-3 and Supplemental Figures 1-3 . The BC risk of nulliparous women was higher than that of parous women, especially in postmenopausal women (OR, 1.72; 95% CI, 1.18 to 2.50). This effect was stronger for HR+ BC (OR, 2.06; 95% CI, 1.43 to 3.00) and luminal A BC (OR, 2.15; 95% CI, 1.46 to 3.18) (data not shown). Women with more childbirths had a reduced risk of BC. In premenopausal women, 2+ childbirths were associated with a 20% reduced risk of BC (childbirths: 2 vs. 0, OR, 0.80; 95% CI, 0.65 to 0.97; childbirths: 3+ vs. 1, OR, 0.81; 95% CI, 0.70 to 0.94). Postmenopausal women with 2 childbirths had a 40% reduced risk of BC and those with 3 or more childbirths had a much more strongly reduced risk (childbirths: 3+ vs. 0, OR, 0.40; 95% CI, 0.35 to 0.43; p-heterogeneity between premenopausal and postmenopausal wom- The OR (95% CI) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration in the analyses of parity and number of childbirths; or adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration. The OR (95% CI) in premenopausal and postmenopausal women was estimated in an unconditional logistic regression model stratified by age and year and adjusted for same covariates. BC, breast cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index. Values are presented as OR (95% CI). The OR (95% CI) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration in the analyses of parity and number of childbirths; or adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration. HR, hormone receptor; BC, breast cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index. Values are presented as OR (95% CI). The OR (95% CI) in all women was estimated in conditional logistic regression stratified by age and enrollment year and adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and breastfeeding duration in the analyses of parity and number of childbirths; or adjusted for family history of BC, age at menarche, age at first full-term pregnancy, duration of oral contraceptive use, BMI, and number of childbirths in the analyses of breastfeeding and its duration. HR, hormone receptor; BC, breast cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index. ger breastfeeding duration (25+ months) had a 56% reduced risk for BC, regardless of menopausal status (OR, 0.44; 95% CI, 0.37 to 0.53; and OR, 0.44; 95% CI, 0.38 to 0.52 in premenopausal and postmenopausal women, respectively). The protective effect of breastfeeding on BC risk was not significantly different according to HR status or pathological subtype.
The combined effect of breastfeeding and childbirth is shown in Figure 1 and Table 4 . Since childbirth and breastfeeding were events in premenopausal women, we described to focus on the BC risk in premenopausal women. Compared to BC risk in women with no-childbirth and never-breastfeeding, there were no BC risk reduction in women with 1 childbirth but never-breastfeeding. However, the BC risk in women with 2+ childbirths but never-breastfeeding began to decline and their BC risk was reduced by at least 0.89-fold (3+ childbirths: OR, 0.89 95% CI, 0.86 to 0.94; 2 childbirths: OR, 0.78; 95% CI, 0.69 to 0.92). The BC risk was reduced by at least 0.69-fold for women with 1 childbirth and breastfeeding for ≥1 month (breastfeeding for 1-12 months: OR, 0.65; 95% CI, 0.58 to 0.74; breastfeeding for ≥13 months: OR, 0.69; 95% CI, 0.51 to 0.60), at least 0.63-fold for women with 2+ childbirth and breastfeeding for 1-12 months (2 childbirths: OR, 0.52; 95% CI, 0.45 to 0.61; 3+ childbirths: OR, 0.63; 95% CI, 0.59 to 0.68), and at least 0.44-fold for women with 2+ childbirth and breastfeeding for ≥13 months (2 childbirths and breastfeeding for 13-24 months: OR, 0.44; 2 childbirths and breastfeeding for 13-24 months: OR, 0.36; 3+ childbirths and breastfeeding for 13-24 months: OR, 0.36; 3+ childbirths and breastfeeding for ≥25 months: OR, 0.34). The combined OR of never breastfeeding and 3+ childbirths was different between premenopausal and postmenopausal women (p-heterogeneity <0.001). Additionally, the combined OR of a breastfeeding duration of 25+ months and 2+ childbirths was different between premenopausal and postmenopausal women (p-heterogeneity=0.002, <0.001 for 2 and 3+ childbirths, respectively).
The patients analyzed in this study had the following distribution of BC stages: stage 0, 5.3%; stage I, 18.9%; stage II, 17.7%; stage III, 6.5%; and stage IV, 0.7%. The BC risk associated with number of childbirths, breastfeeding, and their combination by stage (0-1, 2, and 3+) was not heterogeneous (data not shown).
DISCUSSION
In our study, individual risk factors such as childbirth and breastfeeding were associated with a reduced risk for BC. The effect of giving birth on BC risk reduction was heterogeneous between premenopausal and postmenopausal women, and a much stronger association was found in postmenopausal women (childbirths of 3+ vs. 0: 20 and 60% risk reduction in premenopausal and postmenopausal women, respectively). A breastfeeding duration of 1-12 months, relative to never breastfeeding, was associated with a strongly decreased BC risk in premenopausal women, but no such association was found in postmenopausal women. The longer breastfeeding durations of 13-24 and 25+ months were associated with a further decrease in the risk for BC, but the effect was not different by menopausal status. BC risk reduction by 3 or more childbirths was strongly observed in HR+ BC, as well as in the luminal A subtype. By contrast, the reduction of BC risk by a longer breastfeeding period did not vary according to HR or pathological subtype. The combined effect of childbirth and breastfeeding on BC risk reduction showed a multiplicative synergistic effect. The combination of both factors had a heterogeneous association between premenopausal and postmenopausal women who had breastfed for 25+ months or had 3+ childbirths. Previous studies on the individual effect of childbirth on BC risk showed a significantly decreased risk, with a much larger reduction in postmenopausal women [1, 3, 22] . A consistent relationship between breastfeeding and postmenopausal status has not been found [3, 4, 6, 8] The recent meta-analyses of the relationship between breastfeeding and BC risk confirmed an inverse association with breastfeeding itself and found that a greater reduction of BC risk was associated with longer breastfeeding [8, 16, 23] .
Few previous studies have investigated the heterogeneous associations of childbirth and breastfeeding with BC risk, and their results were controversial. Two case-control studies of breastfeeding itself and longer breastfeeding periods showed a reduced BC risk in only premenopausal women [5, 7] . Those previous results are similar to our results. However, our results showed some differences according to breastfeeding duration. When the breastfeeding period was 1-12 months, only premenopausal women had a risk reduction in BC, which was a heterogeneous association. A previous cohort study of childbirth showed a significant reduction of BC risk only in postmenopausal women [24] , whereas our findings also showed a heterogeneously lower risk for premenopausal women than postmenopausal women, but a reduction in BC risk associated with 3 or more childbirths was observed in all women, regardless of menopausal status. Our study reported more detailed results than previous studies because the number of subjects in our study is the largest among the studies that have been conducted in this field.
Our findings of a heterogeneous association with childhood according to HR status (a stronger association in HR+ BC) and a non-heterogeneous association of breastfeeding according to HR status have consistently been observed in individual studies (for childbirth: [25] [26] [27] ; for breastfeeding: [27] ) and review papers [3, 28] . However, our findings of a heterogeneous association with childbirth according to the pathological subtype and a non-heterogeneous association with breastfeeding do not correspond with those of previous studies. In our study, a greater reduction in BC risk was shown with more childbirths in all 4 subtypes, with a particularly strong trend for the luminal A subtype, whereas previous studies reported inconsistent results, such as a heterogeneous association between the luminal A and B subtypes (inverse association) and the HER2/ TNBC subtypes (no significant association) [26, 29] or a nonheterogeneous association with all subtypes [27] . The finding that BC risk was reduced with breastfeeding in all 4 subtypes and non-heterogeneously associated with the 4 subtypes is not concordant with the findings of previous studies [26] [27] [28] [29] [30] . Findings of the lowest risk in the luminal A subtype relative to other subtypes agree with our observation of a strongly lower risk in HR+ BC than in HR− BC. Previous studies showed various results, such as a significantly reduced risk of luminal A and B BC [30] , a reduced risk of TNBC [26, 28, 30] , a non-significant association with HER2-expressing BC [26, 28] , and a nonsignificant association with all subtypes [27] .
Although a combined effect of breastfeeding and giving birth on BC risk reduction was not reported in previous studies, a synergistic multiplicative effect was presented in this paper, as the BC risk reduction was higher with an increase in both factors (i.e., more childbirths and a longer breastfeeding duration). It is biologically plausible that the presence of both factors induces a much shorter duration of exposure to hormones, in accordance with the estrogen hypothesis, in addition to the biochemical mechanisms associated with each protective factor [14, 15] . In particular, this combined effect was not different across menopausal status, HR, or pathological subtype.
This study has several limitations. First, lifestyle factors well known as risk factors for BC (such as physical exercise [31] , smoking and drinking [32, 33] , and food intake [34] [35] [36] [37] ) were not included. Second, it can be suspected that there is a recall bias in women's response of breastfeeding duration because the response to the total breastfeeding period of women was concentrated in a particular month (such 12-month, 24-month, 36-month by an interval of 12-month). The strength of our research is that it incorporated large-scale data from across the country. In Korea, a total of 115 928 new cases of BC occurred during the 9 years from 2004 to 2012 [38] . About 11% of these epidemiologic data were used in this study. In addition, participants were matched by age and year of enrollment to improve the comparability by controlling for the age effect and the birth effect.
In conclusion, the effect of childbirth on BC risk reduction was heterogeneous according to menopausal status, and the BC risk reduction associated with 3 or more childbirths was much stronger in postmenopausal women than in premeno-pausal women. By contrast, longer breastfeeding durations of 13+ months were non-heterogeneously associated with menopausal status, but only women with a breastfeeding duration of 1-12 months showed heterogeneity according to menopausal status, with only premenopausal women showing a significant BC risk reduction. The association of breastfeeding and its duration on BC risk was not different according to HR status or pathological subtype. More childbirths and longer breastfeeding exerted a combined effect on BC risk reduction. The heterogeneous association of the combination of breastfeeding (1-12 months) and any childbirths on BC risk by menopausal status was only due to the heterogeneous association of breastfeeding according to menopause, not the combined effect. The combined effects of women's childbirth and breastfeeding on BC risk reduction are summarized, focusing on premenopausal women because birth and breastfeeding are important life events of premenopausal women who can only be modifiable in premenopausal women. Compared to BC risk in women with no-childbirth and never-breastfeeding, a woman who have at least one birth can only benefit from BC risk reduction if she experiences breastfeeding, while she does not do breastfeeding she does not have risk reduction effect. The BC risk is decreased by 10-20% for women with 2+ childbirth but never-breastfeeding, about 30% for women with 1 childbirth but breastfeeding for at least 1 months, 40-50% for women with 2+ childbirth but breastfeeding for 1-12 months, and >60% for women with 2+ childbirth but breastfeeding for ≥13 months.
In the view of the population-attributable fraction (PAF), two previous Korean papers suggest that the PAF of breastfeeding and/or pregnancy (including age at first birth) is estimated to be 7-11% for Korean women BC [30, 39] . If women with <2 childbirths and <13 months of breastfeeding are considered to be the high-risk group, the PAF for BC prevention through interventions in the high-risk group would be estimated to be about 7.5% according to our data, which is similar to the prior PAF value estimated in prior studies. The PAF (7.5%) associated with the high-risk group defined by the combination of childbirth and breastfeeding period accounts for about one-fourth of the PAF (33%) from all modifiable factors [30] . Since the fertility rate in Korea has rapidly decreased and still not recovered , the relative impact of these factors on breast cancer prevention seems to be more important than in the past. Although low childbirth and/or the combination of low childbirth and short breastfeeding can considered to make a partial contribution to BC in Korea, this paper is expected to serve as scientific evidence to support national cancer management policies for BC.
Our findings regarding BC risk modification by the combination of childbirth and breastfeeding and the full evaluation of heterogeneous associations by menopausal status, HR, and pathological subtypes are the first such findings worldwide, to the best of our knowledge. This study may provide a scientific basis for national cancer management policies involving the promotion of childbirth and breastfeeding, although childbirth and breastfeeding contribute only partially to the development of BC.
